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Introduction

Transport Infrastructure Ireland (TII) has embedded an Environmental 

Management System (EMS) into its pavement management 

programme to enable lifecycle carbon accounting and support national 

climate goals. 

Through the Deighton Total Infrastructure Management System 

(dTIMS), TII quantifies Global Warming Potential (GWP) for individual 

pavement segments across the national road network. The system 

captures emissions from vehicle operations (influenced by pavement 

condition and speed), construction activities, material use, and 

maintenance-related delays. 

By comparing “do-nothing” and programmed treatment scenarios, TII 

identifies opportunities to reduce carbon emissions while maintaining 

performance and cost efficiency. 
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The Irish national road network is very diverse in terms of pavement 

design, structural capacity, drainage, geometric alignment. To better 

manage the overall network TII have broken the Overall Network into 5 

Subnetworks. Subnetworks display internally consistent characteristics and 

behaviour.

Pavement condition is measured annually by TII across the network. Key 

Performance Indicators (KPI’s) are employed to monitor and manage the 

Network include e.g.:

• International Roughness Index (IRI)

• RUT Depth (RUT)

• Longitudinal Evenness (LPV)

Qualitative Descriptors are employed: Very Good, Good, Fair, Poor, Very 

Poor. Different Subnets have different definitions of Very Good, Good etc. 

TII;s Target is 95% in Fair or Better for all parameters on all Subnets

Current Network Condition

Traditionally,  Pavement Management Systems (PMSs) have been 

used to achieve these targets by generating programmes which 

optimise the network based on cost and performance. The optimisation 

process selects the solutions which gives the highest level of 

performance for a given expenditure constraint. 

The EMS implemented by TII has extended the system beyond purely 

performance and cost domains to incorporate environmental 

considerations, primarily GWP associated with pavement maintenance, 

into the optimisation framework.  

PEMS are essential for advancing sustainable infrastructure practices. 

They integrate environmental considerations across all stages of 

pavement project delivery spanning planning, design, construction, 

maintenance, and end-of-life processes. PEMS constituents Include 

e.g.:

• Environmental Impact Assessment (EIA)

• Life Cycle Analysis (LCA)

• Material Selection and Recycling

• Energy Consumption and Efficiency

• Water Management

• Air Quality and Emission Control

• Monitoring and Reporting

Evolution of PMS to PEMS (Adapted from Gosse et al., 2013)

The TII PEMS looks at 3 sources of Carbon/GWP:

(i) User GWP (user vehicle emissions adjusted for pavement 

condition)

(ii) Embedded GWP generated by pavement maintenance works 

(material production, transport & placement)

(iii) Delay GWP due to maintenance activities (vehicles idling at 

roadworks, detours etc) 

The short-term increase in Embedded and Delay GWP generated by 

pavement maintenance activities is offset by long-term reductions in 

User GWP accruing from driving on improved pavement.

Backlog GWP is also considered. Backlog is defined as the portion of 

the network that remains in Poor or Very Poor condition at the end of 

the analysis period. Backlog GWP is the notional GWP for the works 

that would be  required to restore this portion of the network to a fair or 

better condition.

The PEMS calculates the change in each of these GWP sources for 

various funding scenarios and compares to the baseline Do-Nothing 

scenario. 

• Greater expenditure leads to higher Embedded & Delay GWP but 

reduced User GWP and reduced Backlog. 

• Conversely, lower expenditure leads to reduced Embedded & Delay 

GWP but increased User & Backlog GWP. 

The PEMS attempts to identify the optimum level of spending to 

balance condition, cost and GWP over the pavement life cycle.

Treatment Catalog: Each treatment type is characterised by both its 

financical and GWP cost. Treatment triggers and resets are fully 

configured. Expected daily productivity (used for delay cost 

calculations) is also included. 

Fuel Consumption: Fuel consumption rates for each vehicle type is 

modelled. Fuel Consumption rates are adjusted based on predicted IRI 

(NCHRP 720)

Fleet make-up: The current make up of the fleet in terms of fuel type is 

input. The expected change in fleet make-up, particularly EV uptake 

rates, is modelled over the analysis period.

Standard PMS outputs e.g. program cost, condition distribution, length 

in backlog etc.

Environmental metrics e.g. Programme GWP, Total GWP, Don-Nothing 

comparisons etc

The TII PEMS accounts for four principal components of lifecycle 

carbon: (i) user emissions influenced by pavement condition; (ii) 

embodied carbon from maintenance activities; (iii) additional emissions 

from traffic delays and detours; and (iv) backlog GWP associated with 

deferred interventions. 

Improvements in pavement smoothness can yield long-term reductions 

in user GWP. Short-term reductions in GWP achieved by delaying 

treatments provide an early life reduction in GWP however it may lead 

to greater lifecycle emissions due to deterioration and more intensive 

interventions later. 

The PEMS demonstrates a practical method of embedding lifecycle 

carbon assessment into pavement management. By treating carbon as 

a core optimisation criterion, it offers a structured, transparent 

approach that can inform sustainable investment decisions in national 

roads and provide a model applicable to other infrastructure domains 
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